The exposure of heavy metals in the Drenas site -Kosovo has risen dramatically in the last 30 years because of mining and smelting activities. The study investigated the heavy metal in soil, accumulation in different parts of apple trees near the industrial sites of Drenas. The accumulation ratio values of heavy metals were calculated to assess the potential health risks. The mean concentrations of the heavy metals in the soil were in the following order of magnitude Ni > Zn > Fe > Cr > Cu > Pb > Cd > As, while that in the apples were in the order of magnitude Ni > Cr > Fe > Cu > Pb > Zn > Cd > As, in the leaves -Fe > Zn > Cu > Cr > Ni > Pb > Cd > As and in the shoots -Zn > Fe > Cu > Cr > Ni > Pb > Cd > As. Compared to control, the contents of analyzed metals from plant tissues of apple trees in the contaminated area were significantly higher (p<0.001). The concentration of Ni, Pb, Cr, Fe etc. in the apple tissue increased along with the heavy metal content in soils in the polluted area. The high accumulation ratio values for Pb (1.1), Cd (0.62), Cr (0.93) and Ni (0.46) were characteristic for the investigated species and indicate the accumulation ability.
INTRODUCTION
Today, many studies have focused on soil pollution and the mobilization of heavy metals in living organisms. These studies have often revealed that the environmental pollution by toxic metals has increased steadily since the Industrial Revolution, thereby causing serious ecological problems (Akguc et al. 2008 ; Huseyinova et al. 2009 ). Pollution occurs when an element or a substance is present in the concentrations greater than natural (background), as a result of human activity and has a net detrimental effect on the environment and its components. Thus, from a plant, animal, and human health perspective, soils are not considered polluted unless a threshold concentration exists that begins to affect biological processes (Kabata- Pendias et al. 1989 ).
Food safety is a major public concern around the world. Over the past few years, increased food safety has stimulated the research on the risk associated with the consumption of food products contaminated by pesticides, heavy elements or toxins (D'Mello 2003; De Santis et al. 2007 ). Heavy metal contamination can occur due to contaminated water, fertilizers and pesticides, industrial emissions. Plants can accumulate trace elements; especially trace metals, in or on their tissues due to their great ability to adapt to variable chemical properties of the environment. Thus, plants are intermediate reservoirs through which trace elements from soils, and partly from waters and air, move to man and animals. The absorption and accumulation of heavy metals in vegetables and fruits are influenced by many factors, including: the concentration of heavy metals in soil, composition and intensity of atmospheric deposition, including precipitations, phase of plant vegetation (Vontsa et al. 1986 ). Each case of plant pollution is unique and should be studied for a specific environment. There is an increasing awareness that the results of the studies based on simulation-type systems cannot be related to those in a natural system. The trace pollutants entering plant tissues are active in metabolic processes, but can also be stored as inactive compounds in cells and on the membranes.
Metals can be transferred from soil pore water into the plants through the roots in the form of dissolved ions (e.g., Cd 2+ ) (McLaughlin et al. 2011 ). Series of complex processes occur in the soil pore water and crop rhizosphere. The degree of metal enrichment in crops can be described with the enrichment factor, which is defined as the ratio of particular element content in a plant to that in soil. Recently, the application of enrichment factor in the form of transfer factor, bio concentration factor (BCF), and plant uptake factor has been expanded to the research on soil, water system, and sediment, as well as assessment of heavy metal pollution in environmental geochemistry (Khan et al. 2010; Brioschi et al. 2013) . BCF is an important quantitative indicator of crop contamination and has commonly been used for estimating the metal transfer from soil into plants (García et al. 2009 ). In order to ensure soil quality and prevent the accumulation of toxic heavy metals in plants, it is essential to understand the dynamics of heavy metals in the soil-leaf-fruit system, since their presence in soils does not necessarily imply their adverse effects if they do not occur in a form that is easily absorbed by plants. Moreover, while assessing the usability of a soil for agricultural production with respect to heavy metal contamination, it is vitally important that careful consideration be given to the chemical properties of the soil and their effect on the uptake, transport and accumulation of heavy metals in the plant.
To this end, the present study assessed the extent of heavy metal accumulation in apple tissues commonly grown in agricultural areas in the Drenas region. It is essential to investigate the heavy metal dynamics in the soil-leaf-fruit system in fruit crops as these provide staple food for human diet. Given the above, the objective of the present study was to evaluate the dynamics of heavy metals Pb, Cd, Cr, Ni, As, Zn, Cu and Fe in an intensive apple (Deleciose, cv. Supercheef) planting located in the region of Drenas, and give insight into the potential for safe fruit production on the study location. However, this study aimed 1) at investigating the level of heavy metal contamination in the soil, 2) studying bioaccumulation of heavy metals in growing plants in the Drenas region and 3) identifying which rootstock used is the largest barrier in the accumulation of heavy metals in fruit trees.
MATERIALS AND METHODS

Description of the Study area:
The present study was conducted in the Drenas town, an urban area located 20 kilometers far from Prishtina (capital of Republic of Kosovo) in the west, one of the important mining and smelting locations in Kosovo (Fig. 1) (Rizaj et al. 2008 ). In recent times, the smelter plant is has been active and it is known as "New CO Ferronickel".
Sample collection
The sampling locations were chosen near farmland and industrial areas. Individual soil samples were collected from each plant to assess the metal content in the immediate plant environment. The samples of fruits, leaf, shoots and soil were analysed for eight heavy metals (Pb, Cd, As, Ni, Zn, Cu, Cr and Fe). In total, 20 samples of soil and 90 apple samples were collected in the Drenas region and the reference area during SeptemberNovember 2017 (Fig. 1) . Three kinds of apple tissues were collected during the harvest period, including fruits, leaf and shoots. In order to reduce the effect of other agro environmental factors on the issue analysed, the experiment included a row of fruit trees with the same age (6 years), grafted on the same rootstock (mm106, m26, m9). The soil samples were taken from the surface layer (0-20 cm). All the samples were sealed in polyethylene bags and transported to the laboratory within 6 h of collection. The soil samples were air-dried at room temperature, with impurities manually removed. Then, the soils were ground and sieved through 80 meshes (0.2 mm). For all samples, the decay and withered tissues were removed and the edible parts were washed with tap water to remove the surface dirt. The edible parts of fruits or leaf were repeatedly rinsed with deionised water and dried at 60°C to a constant weight.
Sample analysis
For the research needs of the metal content: Lead (Pb), Cadmium (Cd), Chromium (Cr), Nickel (Ni), Arsenic (As), Zinc (Zn), Copper (Cu), Iron (Fe), the field samples were obtained in accordance with the respective protocols and consisted in sampling the soil from apple planted surfaces within the respective localities. The samples obtained were labelled with all relevant data (location, sampling date, and other notes). The concentration of metals in the soil samples was determined by the Atomic Spectrometer Absorber (AAS) of the Perkin-Elmer model 1200 mark. The work samples (2.0 gr of soil sample) were treated with a 1:3 aqueous regia mixture (4 ml HNO 3 + 12 ml of concentrated HCl) in an electrical reso at a temperature of 200°C for 60 minutes. Prior to mineralization with aqua regia, the organic matter was disintegrated with concentrated hydrogen peroxide (35% H 2 O 2 ). Then, the mineralized samples were mixed with distilled water and filtered with Watman 0.45 μm filtration paper. The filter was placed on a volumetric balloon of 50 cm 3 and levelled up to the mark with distilled water. Such samples were read with AAS and spectrophotometer. The AAS calibration was done with the standard reference material of 1000 ppm (mg/ kg) from which the respective metal standards were prepared. BCF was calculated for different plant parts (shoot, leaf and fruits) by the following equation: BCF = metal in plant part/metal in soil (mg kg −1 dw).
Statistical analysis
The data were statistically analyzed using GraphPad Prism -version 7.05, and Microsoft Excel, 2010, computer packages. Pearson correlation coefficients were calculated to determine the relationship between heavy metal contents in the fruits, leaf, shoot and in the soils. The level of significance was set at p <0.05.
RESULTS AND DISCUSSION
The concentrations of heavy metals Pb, Cd, Cr, Ni, As, Zn, Cu and Fe in the apple tissues (delicious, cv. supercheef) varies depending on the type of rootstock. Table 1 shows the distribution values of the heavy metals in soils and the analyzed tissues (fruit, leaves and shoots) of the apple sp. with rootstock mm106, m26, m9 in the region of Drenas. Comparisons were made by analyzing the same element and subtype types with the reference area -Kovrage, Table 2 . The analyses in soil samples show these values: Pb -2.44 mg / kg, Cd -0.39 mg / kg, Cr -13.4 mg / kg, Ni -33.12 mg / kg, As -0.007 mg / kg, Zn -20.69 mg / kg, Cu -11.3 mg / kg and Fe -15.96 mg / kg. The distribution of heavy elements in soil was followed by this sequence: Ni> Zn> Fe> Cr> Cu> Pb> Cd> As. The pH values in all analyzed soil samples were distributed from 6.45 to 7.8, indicating that the soil analyzed was neutral and basically weak. The general concentrations of metals in soils between the two analyzed regions (Drenas and the reference site) showed significant differences in scale.
As compared to the soils, the apple tree tissues contained less heavy metals with obvious variations among different rootstocks ( demonstrate that Pb, Cd, Cr, Ni and As are the dominant metal pollutants accumulated in fruits apple grown in the agricultural soils in the Drenas region. On the other hand, Zn, Cu and Fe are the dominant metals accumulated in the shoots and leaf to apple tree in this region. In m26 and m9 rootstocks, the largest quantity of Pb is stored in the fruit. The highest amount of Cd is stored on the fruit and is registered in the mm106 rootstock. Chromium and Ni were mostly stored in the fruit at the three studied rootstock. Arsenic was detected in the highest amount only in the m9 rootstock while in other rootstock, it was not detected at all. Zinc and copper in the highest amount were found in shoots in three different rootstocks. The analyses conducted for heavy metals in plant tissues showed high levels of accumulation of Zn in leaves and shoot compared with the amount of Cu. This is known as an antagonist effect.
The following results represent a rootstock that tends to accumulate more severe elements: Pb/fruit: m9> mm106> m26; Cd / fruit: mm106> m9> m26; Cr / fruit: mm106> m9> m26; Ni/fruit: mm106 > m26 > m9; As/fruit: m9 > mm106 > m26; Zn/shoot: m26 > m9 > mm106; Cu/shoot: m9 > m26 > mm106; Fe/leaf: m9 > m26 > mm106. On the basis of the obtained results it was observed that the cultivar with rootstock mm106 has a high tendency to absorb heavy metals (lead, cadmium, chromium, nickel, arsenic) with toxicity. Meanwhile, m9 rootstock has a tendency to absorb the elements that are necessary for the plant (Fe, Cu).
BCF is an index for assessing the possible transfer of a metal from soil to plants versus fruit ability to accumulate a particular metal with respect to its concentration on the substrate of the earth (Adamo et al., 2014). Bioaccumulation This restriction of heavy metals can be due to physical parameters like PH, EC of soil and metals resistance in plant body (Gupta et al. 2008 ). The concentrations of heavy metals in fruits also exhibit significant differences between samples, which shows the high variation coefficient (CV) (ranging from 62.8 to 185.7%) in table 1. The correlation between the heavy metals in the soil and the plant tissues are presented in the tables 4, 5, and 6. On the basis of the presented results and the correlation analysis, most metals did not show correlation. However, some metals indicated correlation, so in shoots with rootstock mm106, Cd showed high correlation with Cr and Ni (r = 0.718 and r = 0.728). The same correlation Cd was also shown with Ni and Cu in fruits with rootstock mm106 (r = 0.691 and r = 0.759).
In the m26 rootstock, there was a significant negative correlation (r = -0.742) between Pb and Cr. Negative correlation is also present between Zn and Cu in the leaves (r = -0.808). A negative correlation (r = -0.791) between the Cd and Fe in the shoot tissue was observed in m9 rootstock.
The positive correlation was observed in the leaves between Pb and Cd (r = 0.706) while negative between Cd and Zn (r = -0.764). The positive correlation in fruit was found between Cd and Cr (r = 0.632) and between Cd and Zn (r = 0.681). In this study, the concentrations of heavy metals analyzed in apple tissues and especially in fruit were tens of times higher than the allowed maximum limits. The obtained results showed that the fruits were powerful accumulators of heavy metals, considering that for some types of rootstocks, the concentrations of heavy metals in the samples exceeded the allowed values.
Our distribution of heavy metals in various tissues of apple tree. There are different variations in the ability of to take up heavy metals through their root tissues and transport them to the edible parts of the plants. This variation depends on the physicochemical properties of heavy metals, industrial region, species of crops, cultivation strategy, soil type and growing conditions. Previous studies showed that the higher the concentration of heavy metals on soil, the higher the probability will be in plant cultures (Mapanda et al., 2007) . Poniedzialek (Poniedzialek et al., 1999) found the differences between cultures at the level of accumulation of heavy metals in specific organs. Like lead, cadmium is also known for its toxic and negative effects on human health. Cadmium can accumulate in the human body and can cause kidney dysfunction, skeletal damage and reproductive deficiency. The cadmium content in the literature was reported in the range of and 0.0002 0.527 mg/kg in fruit foods from the Greek market (Karavoltsos et al., 2002) . In our study, fruit analysis from all sampling points was contaminated by an excessive amount of Cd compared to the permitted limit (0.05 mg/kg) proposed by FAO / WHO (1995). Note: nd -not detected.
The results obtained in this study were also consistent with those found in apples (2.21 mg/kg) (Hamurcu et al. 2010).
The above-mentioned results show that Cd has a high capacity to be transferred from soil to edible parts of fruit in agricultural lands of the Drenas region. This can be attributed to the competition between Cd 2+ and Ca
2+
. It is easier for Ca 2+ to be replaced by Cd 2+ than other metals due to their same valence (Kim et al. 2002) . In addition, Ca is an essential element for plants and can enter plant tissues through active transport, while most heavy metals (as non-essential elements) can only be introduced into plant tissues through passive methods (e.g., concentration diffusion and permeation) Costa and Morel 1993) .
The concentration of Cr in delicious apple cultivars in three rootstocks, i.e. mm106, m26 and m9, in the contaminated studied fields was greater than in the reference area. The content of chromium in the literature was reported in the range of 1.48-6.43 mg/kg in wet weight in various summer fruits from Pakistan (Zahoor et al., 2003) . There is no information on the maximum chromium levels in dried fruit samples (Anonymous 2002) . Chromium (III) is an essential nutrient that empowers the action of insulin and thus affects the metabolism of carbohydrates, lipids and proteins. However, chromium (VI) is carcinogenic (Tuzen and Soylak 2006) . This high concentration of Cr can be dangerous to the local community and fauna of the study area (Yang et al., 2011) .
The Ni levels in fruit were many times higher than the maximum allowed limit (0.3 mg/kg) (Li et al., 2012). The content of nickel in literature was reported in the range of 1.0-8.9 mg/kg in some fruits from Pakistan . In the study area, the nickel concentration in plant tissues was observed a few times higher than the reference site. Ni is an important and essential element to plants; however, its excess causes variable symptoms of toxicity (Zornoza et al., 1999) . The low content of copper in apple fruits is most likely due to the poor movement of copper in plants as well as the high concentration of zinc in soil known to have an antagonistic effect on the copper absorption (Chaudhry et al 1973) .
CONCLUSIONS
The results obtained from this work showed that the concentrations of heavy metals (Pb, Cd, Cr, Ni, As, Zn, Cu and Fe) in the soil samples, shoots, leaves and fruits in the Drenas region were higher than the concentrations of these metals in the control samples. When the results of this study were compared with comparable studies, the heavy metal levels were found to be higher, especially in fruits. The study showed that some consumed fruits were highly contaminated with some heavy metals and exceeded their standards established by FAO/WHO. The differences in the bioaccumulation of heavy metals in the apple tissues (delicious) may be explained by the type of rootstock used. The high accumulation ratio values for Pb (1.1), Cd (0.62), Cr (0.93) and Ni (0.46) were characteristic for the investigated species and indicate the accumulation ability. Note: nd -not detected.
